The postoperative results of pylorus-preserving gastrectomy (PPG) for gastric ulcer performed in 134 patients during the past 25 years (mean postoperative period, 16.6 years) were studied. The incidence of postoperative complications was low. Dumping syndrome occurred in only 4.4% and 0% of cases as assessed by questionnaire and interview, respectively. Four (5.4%) of 74 patients available for this study had ulcer recurrence. In one of these four patients concurrent gastroduodenal ulcer was suspected from preoperative gastric analysis. The site of recurrence was found in all cases to be the remnant antral gland area along the greater curvature between the proper gastric gland area and the duodenum. Basal and maximal acid outputs at the time of relapse were significantly higher in patients with recurrence than in patients without recurrence. The fasting and postprandial serum gastrin levels were high in one patient with recurrence, whose antrum was preserved as long as 3 cm proximal to the pyloric ring ; this was longer than that described in our original method of PPG. In two other recurrent cases the serum gastrin levels were not different from those in norecurrent cases. Immunohistochemical examination of the residual antrum showed no increase in the G-cell density in patients either with or without recurrence. These results suggest that the long-term quality of life of patients treated with PPG remains favorable. Recurrence rate can be further reduced if PPG is strictly indicated for gastric ulcer only and carried out by meticulous surgical techniques. In the pathogenesis of the ulcer recurrence the role of gastrin release from the residual antral mucosa seems to be limited. pylorus-preserving gastrectomy ; long-term follow-up ; postoperative ulcer recurrence Since conventional gastrectomy involves pyloric resection, postoperative sequelae, such as dumping syndrome and other disorders of digestion and absorption may occur as a result of rapid gastric emptying. To minimize these complications, we have performed pylorus-preserving gastrectomy (PPG) for
gastric ulcer located along the lesser gastric curvature near or some what distal to angularis since 1964. We have reported that PPG is a more physiological procedure than conventional gastrectomy (Maki et al. 1967 ). In 1975 we reported the long-term results of PPG based on a follow-up of one to nine years (Sekine et al. 1975) . No patient in that study experienced ulcer recurrence, and gastric emptying, digestion and absorption and postoperative complications were excellent. However, the long-term results of PPG were unknown. This report presents the long-term results of PPG and discusses the pathogenic factors involved in ulcer recurrence on the basis of kinetics of gastric acid secretion and findings at reoperation.
MATERIALS AND METHODS

Subjects
One hundred thirty four patients (112 males and 22 females; mean age, 50.8 years) with gastric ulcer underwent PPG at our department over last 25 years prior to January 1988. In all cases the diagnosis was confirmed by radiography and endoscopy. The indications for operation were intractability in 103 cases, hemorrhage in 29 cases and perforation in 2 cases. Five patients who underwent emergency surgery died. Excluding these cases, 129 patients were followed postoperatively. Of these, 22 were lost to follow-up and 33 patients subsequently died. The cause of death was not related to operation or peptic ulcer disease in any patients. Excluding these additional cases, 74 patients were finally available for inclusion in this study, in which the long-term results of PPG were assessed by a questionnaire and interview. Sixty-nine patients (94.1%) responded to our questionnaire, 60 men and 9 women with a mean age of 62.3 + 9.8 years. The average interval after operation was 16.6+4.8 years (range, 3 to 24 years) ( Table 1) .
Questionnaire and interview
Each patient was assessed in terms of body weight, symptoms associated with a small gastric pouch, presence of dumping syndrome, and satisfaction with operation. Dumping was diagnosed according to previously reported criteria (Sekine et al. 1975) . Data in the present study were compared to the results reported in the 1975 study. Gastric acid secretion was analyzed using Kay's augmented histamine test (Kay 1953 ) (subcutaneous injection of histamine diphosphate 0.04 mg/kg) or the gastrin test (subcutaneous injection of tetra-gastrin 4,ug/kg). Gastric acid secretion kinetics were compared between patients with recurrent ulcer and 13 patients without recurrence in whom gastric analysis was performed (11 males, 2 females ; mean age, 65.4 + 3.9 years ; mean postoperative interval, 16.8± 1.6 years).
Plasma gastrin levels and G cell density in the antral mucosa Fasting and postprandial plasma gastrin levels were measured by radioimmunoassay using the CIS kit (Midorijuji Corp., Tokyo). For test meal loading, 300 gr of porridge and one egg were used, as reported previously (Sato et al. 1982 ).
The G cell distribution was determined by indirect immunohistochemical assay using an antigastrin antibody described by Yanaihara et al. (1980) , and the G cell density was measured according to the method of Creutzfeldt et al. (1976) . Five serial sections of prepylorus antral mucosa were prepared from surgical specimens obtained from patients who required re-resection for recurrent disease, and endoscopic biopsy specimens from patients without recurrence ; surgical specimens from patients with early gastric cancer, matched for age, were used as a control group. Using a morphometric grid, the number of positive cells per unit area (0.25 X 0.25 mmz) was counted, and the mean value of 40 fields was calculated in each case.
Statistical analysis
Results are expressed as the mean+s.E. Statistical significance of the differences was determined by Student's t-test, and probability values less than 0.05 were considered significant.
RESULTS
Questionnaires and interviews
The incidence of symptoms associated with a small gastric pouch in the previous study was 17.3%, 23.6%, and 16.7% for patients treated by PPG, Billroth I, and Billroth II, respectively. In this study, the incidence was 14.7%, which compared favorably with previous findings. The change in body weight, incidence of dumping syndrome, and the patient's satisfaction with surgery were assessed ( Table 2 ). Compared to their preoperative weight, 33.8% of patients lost weight in the present study, the majority of whom were elderly. Dumping syndrome occurred in only 4.4% as assessed by a questionnaire, and no patient had dumping syndrome at interviews, as was in the previous study. In the present study, 97.1% of patients were satisfied with the surgical result and 2.9% (two patients) were dissatisfied. The dissatisfied patients complained mainly of symptoms related to the small gastric pouch, although none had gastric stasis radiographically.
Patients with recurrent gastric ulcer
Ulcer recurrence was confirmed by radiography and endoscopic examination in four cases (Table 3) Clinically, concurrent gastroduodenal ulcers were suspected. An ulcer recurred one year after operation. An endoscopic examination revealed an active ulcer on the anterior wall of the prepylorus along greater curvature.
Patient No. 2 underwent initial operation at the age of 39. At the initial operation, the pylorus was preserved 3 cm proximal to the pyloric ring, which was longer than described in the original method of PPG. An ulcer recurred two years after operation. Thereafter the patient was treated with H2-receptor antagonist for 5 years. Because of the difficulty withdrawing this medication, resection of the residual distal stomach combined with selective gastric vagotomy was performed. The gastrectomy specimen showed a deep ulcer 1 cm in diameter on on endoscopic findings and the gross and histological findings of the surgical specimens, the site of recurrence was invariably the residual antral glandular area along the prepyloric curvature, between the proper gastric glands and the duodenal mucosa (Fig. 1) .
Changes in postoperative gastric acid secretion in patients with recurrent ulcer Gastric acid secretion fell after the initial operation and then rose to or exceeded the preoperative levels by the time of recurrence in all cases (Fig. 2) . The kinetics of gastric acid secretion were compared in patients with recurrent disease and 13 patients without recurrence ( Plasma gastrin levels and G-cell density in the antral mucosa Plasma gastrin levels. The plasma gastrin levels in patients No. 1 and No. 4 tended to be slightly lower than in patients without recurrent disease, but patient No. 2 had a higher plasma gastrin level ; basal gastrin level was 66 pg/ml, and peak gastrin level was 164 pg/ml (Fig. 3) .
G-cell density in the antral mucosa. Antigastrin antibody-positive cells were scattered in the residual antral gland area in the surgical specimens from patients No. 2 and 4. The 0-cell density was 23.090±2.464, 16.233±3.001 and 10.144±1. 869 cells/0.25 X 0.25 mm2 in the control, nonrecurrent and recurrent groups, respectively (Fig. 4) . Although the difference between groups was not significant, the 0-cell density was highest in the control group and lowest in the recurrent group.
DISCUSSION
As in our previous study, gastric emptying time was close to normal after PPG (Sekine et al. 1975 ). The incidence of dumping syndrome was 4.4% and 0% as assessed by questionnaire and interview, respectively, and these were lower than previously reported. Griffith (1969) reported no dumping in response to provocative meals and observed moderate gastric stasis in only four of 20 patients who underwent suprapyloric antrectomy with or without selective gastric vagotomy. Our data indicates that PPG prevents dumping syndrome in the long-term by preserving pyloric sphincter function.
We observed no postoperative ulcer recurrence in our initial follow-up study of patients treated with PPG. Griffith (1969) has also reported favorable results of PPG on ulcer recurrence. Teigan et al. (1978) and Jorgensen et al. (1974) , however, believe that the results of PPG on recurrence were not necessarily satisfactory. Based on the results of our previous long-term follow-up study, this time we conducted a longer follow-up study and confirmed four cases of ulcer recurrence for the first time. All patients had low gastric acid secretion initially but acid secretion was higher at the time of recurrence. These results demonstrate that gastric acid hypersecretion plays an important role in pathogenesis of the postoperative ulcer recurrence. Patients with recurrence had a higher BAO, which suggests that a change in vagal tone may contribute to gastric hypersecretion. It has been suggested that the antral remnant may be a source of gastric phase acid secretion after PPG. According to Everett and Griffith (1970) , Heidenhain pouch secretion decreased markedly after suprapyloric antrectomy, and Hennessy (1973) observed no significant difference in serum gastrin levels after Billroth I and PPG. Also, Griffith (1986) have reported that residual antral mucosa left in the acid stream is an unimportant source of gastrin release. Thirteen patients without recurrence in this study had low acid secretion, and immunohistochemical examination of the residual antrum in long-term survivors after PPG showed no increase in the G cell density in patients either with recurrence or without. These results suggest that residual antral mucosa dose not play a major role in gastric hypersecretion in recurrent ulcer.
The site of ulcer recurrence was the prepyloric greater curvature in all four patients. This suggests that local factors may be involved. Oi et al. (1969) has shown that most peptic ulcers occur distal to the transient zone between two types of mucous membranes, such as proximal antral mucosa in gastric ulcer or proximal duodenal mucosa in duodenal ulcer. The site of recurrence in our patients was residual pyloric gland area whose upper edge was adjacent to the anastomosis with fundic mucosa. This region is exposed directly to gastric acid. Doudeno-gastric reflux is thought to play an important role in the pathogenesis of postoperative gastritis and gastric ulcer. Bile reflux was also commonly observed by endoscopic examination or gastric analysis in the stomach remnant after conventional partial gastrectomy. Griffith (1986) reported no duodenogastric reflux in patients treated by suprapyloric antrectomy. Endoscopically, we observed limited duodeno-gastric reflux and only mild inflammation of the stomach remnant after PPG. Thus, gastric bile reflux after PPG is less than after other types of gastric resection.
Nevertheless, the residual antral mucosa is exposed to bile more than other areas. Mucosal inflammation of the residual stomach has been shown experimentally to occur even with PPG, but impaired blood circulation rather than duodenogastric reflux was hypothesized as its cause. Since thus far no clinical studies have been reported on the circulation in residual pyloric mucosa, it is not clear why recurrent ulcer occurred always at the greater curvature of the remnant antral mucosa. Further work is needed to understand what local defensive factors break down prior to ulcer recurrence.
The use of PPG in duodenal ulcer was suggested by Hennessy et al. (1972) .
We recommend PPG only for gastric ulcer but have no data on the use of PPG for duodenal ulcer or concurrent gastroduodenal ulcer. Because acid output in patient No. 1 was relatively high for gastric ulcer, concurrent gastroduodenal ulcer was suspected. The longer antrum in patient No. 2 was assumed to be the cause of recurrence. In this study the ulcer recurrence rate after PPG was 5.4% out of 74 patients available for this study. This rate is comparable to those after other operative procedures but is remarkable in view of a mean postoperative follow-up of 16.6 years. It was supposed that the recurrence rate can be further reduced if PPG is strictly indicated only for gastric ulcer using meticulous surgical techniques.
